The technology of three-dimensional (3D) printing was commercialized in the late 1980s. Since then, the development of this technology has been dramatically increasing. Moreover, 3D printing technology has been used in many different fields, such as electronics and medical appliances, because 3D printing is a technological convergence based on precision instruments, chemical materials, and electrical equipment. The technological impact of 3D printing is so powerful that we need to analyze 3D printing technology to understand the 3D printing industry. In addition, we want more analytical results for understanding the sustainability of 3D printing technology. Thus, we compare the technologies between 3D printing competitors to find their technological innovations and evolution from a technological sustainability. To analyze the 3D printing technology, we propose a new methodology of statistical technology analysis combing social network analysis with time series clustering. In our case study, we make a comparison between "3D Systems" and "Stratasys", two major 3D printing companies, because they have been leading the sustainable technologies of 3D printing in the market. We illustrate how the proposed methodology can be applied to practical problems from the case study. This paper contributes to the sustainable technology management, and our research can expand to other competitors with diverse technological fields as well as 3D printing.
Introduction
Research and development of sustainable technologies is a very important issue in the present situation. Development of sustainable technologies in various fields such as climate change, food shortage, and renewable energy has become necessary. This is because we have to solve these human problems through sustainable technology development. Sustainable technology means technology that solves many problems that arise in order to sustain human life. That is, sustainable development of society depends on sustainable technology. However, it is difficult to assess the sustainability of a technology, and there are still no general measures to evaluate sustainability for technology [1] . In addition, sustainability is very important to the management of technology (MOT), and a company with sustainable technology is competitive in the markets [2] . Thus, most companies have tried to develop and keep the sustainable technologies in their areas. In addition, the studies on the sustainable technology were performed in diverse domains [3] [4] [5] [6] [7] . A number of studies have been conducted to determine the sustainability of technology. Kim et al. (2015) proposed a methodology for sustainable management of defense technology [3] . They studied on growth curves based on expert survey and patent data to assess the sustainability of defense technology. A research on the selection method of sustainable technology was introduced by Choi et al. (2015) [4] . The authors used a network model based on social network analysis (SNA) for sustainable technology selection, and chose could be used in real problems. We discuss the research results and present our conclusions in the last section.
Statistical Approach to Patent Analysis
In MOT fields, it is important to analyze technology for sustainable technology, R&D planning, competitors' analysis, etc. [2, 6, [23] [24] [25] [26] . In this paper, we apply statistical modeling to technology analysis between the competitive companies of Stratasys and 3D Systems in 3D printing domain. In particular, we compare them in terms of sustainable technology. Many researches for technology analysis were based on patent analysis [11] [12] [13] 15, [27] [28] [29] [30] because the patent contains complete results of developed technologies [2, 31] . However, we cannot analyze the patent documents directly using statistical modeling. In general, patent data are not suitable for statistical analysis [24] . Thus, we have to preprocess the retrieved patent documents for statistical modeling. We also use patent document data for technology analysis in this paper. The first point to be considered in patent document analysis is text mining for preprocessing patent data because patent documents are not suitable for quantitative analyses based on statistics [17, [32] [33] [34] [35] . Thus, we transform the patent documents into structured data for statistical modeling. Text mining is to discover hidden and novel patterns from text document data [36] . In addition, text mining is interdisciplinary of statistics, computer science, and linguistics, and performs text data analysis using the theoretical and practical methods from the interdisciplinary fields. In patent analysis, a major role of text mining is to transform the patent documents into structured data. Figure 1 shows this process.
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In MOT fields, it is important to analyze technology for sustainable technology, R&D planning, competitors' analysis, etc. [2, 6, [23] [24] [25] [26] . In this paper, we apply statistical modeling to technology analysis between the competitive companies of Stratasys and 3D Systems in 3D printing domain. In particular, we compare them in terms of sustainable technology. Many researches for technology analysis were based on patent analysis [11] [12] [13] 15, [27] [28] [29] [30] because the patent contains complete results of developed technologies [2, 31] . However, we cannot analyze the patent documents directly using statistical modeling. In general, patent data are not suitable for statistical analysis [24] . Thus, we have to preprocess the retrieved patent documents for statistical modeling. We also use patent document data for technology analysis in this paper. The first point to be considered in patent document analysis is text mining for preprocessing patent data because patent documents are not suitable for quantitative analyses based on statistics [17, [32] [33] [34] [35] . Thus, we transform the patent documents into structured data for statistical modeling. Text mining is to discover hidden and novel patterns from text document data [36] . In addition, text mining is interdisciplinary of statistics, computer science, and linguistics, and performs text data analysis using the theoretical and practical methods from the interdisciplinary fields. In patent analysis, a major role of text mining is to transform the patent documents into structured data. Figure 1 shows this process. The structured data consist of row and column in a table. The row and column represent patent  and variable respectively, and each cell of the table is variable frequency in each patent. This table  (structured data) is suitable for statistical analysis. In addition, in patent analysis, the variable can become keyword or IPC (international patent classification) code. In our research, we use this structured data to carry out SNA and TSC methods for technology analysis. SNA is based on a graph data structure as follows [16, 18, 37] .
Nde Ni is a social object in a social system, and the connection C(Ni, Nj) represents a binary relation between Ni and Nj. If a meaningful connection exists, the value of C(Ni, Nj) is one; otherwise, it is zero. Thus, the SNA is used to analyze the relationship between nodes arising from social systems. In this paper, we use technological keywords as the node of SNA below.
Technology nodes = {Keyword1, Keyword2, …, Keywordp}
Technological connections = {C(Keyword1, Keyword2), …, C(Keywordp-1, Keywordp)} We extract the keywords from patent documents, and they contain meaningful information for developed technologies. We can find the technological relations from the SNA graph based on the technology keywords. In our research, we consider both connections to determine the technological The structured data consist of row and column in a table. The row and column represent  patent and variable respectively, and each cell of the table is variable frequency in each patent.  This table (structured data) is suitable for statistical analysis. In addition, in patent analysis, the variable can become keyword or IPC (international patent classification) code. In our research, we use this structured data to carry out SNA and TSC methods for technology analysis. SNA is based on a graph data structure as follows [16, 18, 37] . Nodes = {N 1 , N 2 , . . . , N p } Connections = {C(N1, N2), C(N1, N3), . . . , C(Np-1, Np)} Nde N i is a social object in a social system, and the connection C(N i , N j ) represents a binary relation between N i and N j . If a meaningful connection exists, the value of C(N i , N j ) is one; otherwise, it is zero. Thus, the SNA is used to analyze the relationship between nodes arising from social systems. In this paper, we use technological keywords as the node of SNA below.
Technology nodes = {Keyword 1 , Keyword 2 , . . . , Keyword p } Technological connections = {C(Keyword1, Keyword2), . . . , C(Keywordp-1, Keywordp)} Sustainability 2017, 9, 1142 4 of 16 We extract the keywords from patent documents, and they contain meaningful information for developed technologies. We can find the technological relations from the SNA graph based on the technology keywords. In our research, we consider both connections to determine the technological relations among all technologies. The results of SNA are combined with TSC results to analyze the sustainable technology in this research.
Statistical Technology Analysis for Competitive Sustainability
However, the previous works related to sustainable technology did not deal with the time periods of technology developments. Consideration of time in sustainable technology is an important factor, because sustainability involves the concept of time. In order to solve this problem, we have incorporated the results of the changes in technology over time into the analysis model to find sustainable technology. We attempted to grasp trends of technology keywords according to time and to classify similar technology keywords into the clusters. In our research, we carry out time series clustering (TSC) based on the measure of dynamic time warping (DTW) and social network analysis (SNA) graph to find the sustainability in 3D printing technology. 3D printing technology is revolutionizing the manufacturing industry due to breakthrough technology development such as development of information and communication technology and software, open source community culture, material engineering. Since the late 2000s, this technology has attracted worldwide attention as a promising and emerging technology. D'Aveni (2015) said that 3D printing technology is at the beginning of a revolution in the manufacturing industry around the world [38] .
To construct a methodology for sustainable technology analysis, we combine the TSC with text mining and SNA described in the previous section. We compare two competitors based on their technological evolution using the proposed methodology and find meaningful relations for their sustainable technologies. First, we consider the frequency trend of the technological keywords over a year as the time series (TS) data. Time series analysis is to analyze time series data for decomposition, classification, and clustering [39] . The main goal of this analysis is to forecast future trend of time series. In this paper, the time series data are the frequency of patent keywords over year. We construct a TSC model of patent keywords for comparing the technological competition between 3D Systems and Stratasys. In addition, we apply the dynamic time warping (DTW) to make our TSC model. Among the diverse methods of TSC, we use the DTW. This is used to cluster TS data into similar groups using distance measures [40] [41] [42] . In this paper, we assign the keywords to similar clusters using DTW. Figure 2 shows the concept of DTW clustering. 
To construct a methodology for sustainable technology analysis, we combine the TSC with text mining and SNA described in the previous section. We compare two competitors based on their technological evolution using the proposed methodology and find meaningful relations for their sustainable technologies. First, we consider the frequency trend of the technological keywords over a year as the time series (TS) data. Time series analysis is to analyze time series data for decomposition, classification, and clustering [39] . The main goal of this analysis is to forecast future trend of time series. In this paper, the time series data are the frequency of patent keywords over year. We construct a TSC model of patent keywords for comparing the technological competition between 3D Systems and Stratasys. In addition, we apply the dynamic time warping (DTW) to make our TSC model. Among the diverse methods of TSC, we use the DTW. This is used to cluster TS data into similar groups using distance measures [40] [41] [42] . In this paper, we assign the keywords to similar clusters using DTW. Figure 2 shows the concept of DTW clustering. The DTW computes the distance values among two technological keywords based on their TS trends, and finds the optimal alignment between the TS trends [43, 44] . Figure 2 shows two TS trends: technological keyword 1 (solid line) and technological keyword 2 (dotted line). The DTW compares paired peak and valley points one after another [43, 44] . Based on this process of DTW, we cluster all keywords into similar clusters using a hierarchical clustering approach. Given technological keywords i and j (i, j = 1, 2, . . . , p and i = j), we get the optimal DTW value by minimizing distance between two keywords as follow.
Distance optimal = arg.min.dist keyword i , keyword j
In the DTW, the distance means total distance between aligned vectors of technology keyword i and j. TSC is to separate the patent keywords into similar groups based on distance measure. Among various measures such as Euclidean distance and inner product, the DTW showed good performance for TSC in technology analysis [19] . The DTW proposed to overcome the limitation of Euclidean distance by providing an intuitive distance between time series data [45] . Given time series X and Y, where X and Y represent two patent keywords, are shown as follow [42] ; X = (x 1 , x 2 , . . . , x n ) and Y = (y 1 , y 2 , . . . , y m ). We build a warp path W below.
The k shows the length of warp path. We can the similarity between X and Y by W. In this paper, we use the data matrix for the TSC based on DTW in Figure 3 . The DTW computes the distance values among two technological keywords based on their TS trends, and finds the optimal alignment between the TS trends [43, 44] . Figure 2 shows two TS trends: technological keyword 1 (solid line) and technological keyword 2 (dotted line). The DTW compares paired peak and valley points one after another [43, 44] . Based on this process of DTW, we cluster all keywords into similar clusters using a hierarchical clustering approach. Given technological keywords i and j ( , = 1, 2, … , and ≠ ), we get the optimal DTW value by minimizing distance between two keywords as follow.
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The k shows the length of warp path. We can the similarity between X and Y by W. In this paper, we use the data matrix for the TSC based on DTW in Figure 3 . The elements of this matrix are occurred frequency of the keywords by year. Using the time series data matrix, we compute DTW distances between two keywords, and get the DTW distance matrix in Figure 4 . In Figure 4 , Dist(Wij) is the computation result of DTW distance between keywords i and j. In Figure 5 , we construct a hierarchical TSC diagram of patent keywords. The elements of this matrix are occurred frequency of the keywords by year. Using the time series data matrix, we compute DTW distances between two keywords, and get the DTW distance matrix in Figure 4 . The DTW computes the distance values among two technological keywords based on their TS trends, and finds the optimal alignment between the TS trends [43, 44] . Figure 2 shows two TS trends: technological keyword 1 (solid line) and technological keyword 2 (dotted line). The DTW compares paired peak and valley points one after another [43, 44] . Based on this process of DTW, we cluster all keywords into similar clusters using a hierarchical clustering approach. Given technological keywords i and j ( , = 1, 2, … , and ≠ ), we get the optimal DTW value by minimizing distance between two keywords as follow.
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The k shows the length of warp path. We can the similarity between X and Y by W. In this paper, we use the data matrix for the TSC based on DTW in Figure 3 . The elements of this matrix are occurred frequency of the keywords by year. Using the time series data matrix, we compute DTW distances between two keywords, and get the DTW distance matrix in Figure 4 . In Figure 4 , Dist(Wij) is the computation result of DTW distance between keywords i and j. In Figure 5 , we construct a hierarchical TSC diagram of patent keywords. We can find the technological association of a company using this hierarchical diagram. Using this diagram, we can assign each keyword into one of clusters being considered time. We use another approach to analysis of competitor technology using the SNA. By the text mining and keyword extraction, we construct the patent-keyword matrix in Figure 6 for performing SNA.
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We can find the technological association of a company using this hierarchical diagram. Using this diagram, we can assign each keyword into one of clusters being considered time. We use another approach to analysis of competitor technology using the SNA. By the text mining and keyword extraction, we construct the patent-keyword matrix in Figure 6 for performing SNA. The elements of this matrix consist of the occurred frequencies of keywords in patents. Next, in Figure 7 , we compute correlation coefficient values of the keywords, and construct keyword correlation matrix. Using this matrix, we get adjacent matrix for building SNA graph. In this process, we should determine the cut-off value, and apply it to keyword correlation matrix. If the correlation value is larger than the cut-off value, the binary value of adjacent matrix is one. Otherwise, the binary value is zero in Figure 8 . In this paper, we make SNA graph using the adjacent matrix and compare the technology of two competitive companies by SNA graph. Therefore, we study on a methodology based on text mining, SNA and DTW for technology analysis of the 3D printing competitors. From the results of technology analysis between the competitors, we can manage technology efficiently for technological sustainability between competitors, because sustainable technology is a key factor in MOT within a company [27, 35, [45] [46] [47] . Sustainability is a very important issue in technology management area [2] . A company finds and understands its sustainable technology to improve its technological competition. In addition, a company should adopt its sustainable technology to develop new technologies and to launch innovative products. In our research, we use R data language and its packages "tm", "sna", and "dtw" for patent analysis based on the proposed methodology [33, 36, 43, [48] [49] [50] . We also collect the patent document data by searching from world patent databases [2,31,51,52]. The step-by-step procedures of proposed methodology are shown below. The elements of this matrix consist of the occurred frequencies of keywords in patents. Next, in Figure 7 , we compute correlation coefficient values of the keywords, and construct keyword correlation matrix. We can find the technological association of a company using this hierarchical diagram. Using this diagram, we can assign each keyword into one of clusters being considered time. We use another approach to analysis of competitor technology using the SNA. By the text mining and keyword extraction, we construct the patent-keyword matrix in Figure 6 for performing SNA. The elements of this matrix consist of the occurred frequencies of keywords in patents. Next, in Figure 7 , we compute correlation coefficient values of the keywords, and construct keyword correlation matrix. Using this matrix, we get adjacent matrix for building SNA graph. In this process, we should determine the cut-off value, and apply it to keyword correlation matrix. If the correlation value is larger than the cut-off value, the binary value of adjacent matrix is one. Otherwise, the binary value is zero in Figure 8 . In this paper, we make SNA graph using the adjacent matrix and compare the technology of two competitive companies by SNA graph. Therefore, we study on a methodology based on text mining, SNA and DTW for technology analysis of the 3D printing competitors. From the results of technology analysis between the competitors, we can manage technology efficiently for technological sustainability between competitors, because sustainable technology is a key factor in MOT within a company [27, 35, [45] [46] [47] . Sustainability is a very important issue in technology management area [2] . A company finds and understands its sustainable technology to improve its technological competition. In addition, a company should adopt its sustainable technology to develop new technologies and to launch innovative products. In our research, we use R data language and its packages "tm", "sna", and "dtw" for patent analysis based on the proposed methodology [33, 36, 43, [48] [49] [50] . We also collect the patent document data by searching from world patent databases [2,31,51,52]. The step-by-step procedures of proposed methodology are shown below. Using this matrix, we get adjacent matrix for building SNA graph. In this process, we should determine the cut-off value, and apply it to keyword correlation matrix. If the correlation value is larger than the cut-off value, the binary value of adjacent matrix is one. Otherwise, the binary value is zero in Figure 8 . We can find the technological association of a company using this hierarchical diagram. Using this diagram, we can assign each keyword into one of clusters being considered time. We use another approach to analysis of competitor technology using the SNA. By the text mining and keyword extraction, we construct the patent-keyword matrix in Figure 6 for performing SNA. The elements of this matrix consist of the occurred frequencies of keywords in patents. Next, in Figure 7 , we compute correlation coefficient values of the keywords, and construct keyword correlation matrix. Using this matrix, we get adjacent matrix for building SNA graph. In this process, we should determine the cut-off value, and apply it to keyword correlation matrix. If the correlation value is larger than the cut-off value, the binary value of adjacent matrix is one. Otherwise, the binary value is zero in Figure 8 . In this paper, we make SNA graph using the adjacent matrix and compare the technology of two competitive companies by SNA graph. Therefore, we study on a methodology based on text mining, SNA and DTW for technology analysis of the 3D printing competitors. From the results of technology analysis between the competitors, we can manage technology efficiently for technological sustainability between competitors, because sustainable technology is a key factor in MOT within a company [27, 35, [45] [46] [47] . Sustainability is a very important issue in technology management area [2] . A company finds and understands its sustainable technology to improve its technological competition. In addition, a company should adopt its sustainable technology to develop new technologies and to launch innovative products. In our research, we use R data language and its packages "tm", "sna", and "dtw" for patent analysis based on the proposed methodology [33, 36, 43, [48] [49] [50] . We also collect the patent document data by searching from world patent databases [2,31,51,52]. The step-by-step procedures of proposed methodology are shown below. In this paper, we make SNA graph using the adjacent matrix and compare the technology of two competitive companies by SNA graph. Therefore, we study on a methodology based on text mining, SNA and DTW for technology analysis of the 3D printing competitors. From the results of technology analysis between the competitors, we can manage technology efficiently for technological sustainability between competitors, because sustainable technology is a key factor in MOT within a company [27, 35, [45] [46] [47] . Sustainability is a very important issue in technology management area [2] . A company finds and understands its sustainable technology to improve its technological competition. In addition, a company should adopt its sustainable technology to develop new technologies and to launch innovative products. In our research, we use R data language and its packages "tm", "sna", and "dtw" for patent analysis based on the proposed methodology [33, 36, 43, [48] [49] [50] . We also collect the patent document data by searching from world patent databases [2, 31, 51, 52] . The step-by-step procedures of proposed methodology are shown below.
Step 1. Collect patent documents applied by Stratasys and 3D Systems from patent databases.
Step 2. Make structured patent data using text mining techniques.
Step 3. Extract keywords from the structured patent data.
Step 4. Analyze patent data to understand sustainable technology.
4-1.
Perform patent keyword clustering using TSC based on DTW. 4-2.
Construct SNA graphs of patent keywords.
Step 5. Test the result of the patent analysis.
Step 6. Combine the results of TSC and SNA of technological keywords.
Step 7. Compare sustainable technologies between competitors.
Lastly, we inspect the statistical validity of SNA graph statistics using the conditional uniform graph tests [37, 49] . We use this test as a method to assess the sustainability of the patent keyword. We compare two SNA graphs of Stratasys and 3D Systems by their test statistics (test values). The sustainable technology holds enormous implication for technological development and management. Thus, we extract the sustainable technologies from two companies (Stratasys and 3D Systems), compare their sustainable technologies being depended on the patent keywords, and conclude the technological strategies of two companies. In the next section, we carry out a case study of two competitors related to 3D printing technology using the proposed methodology. This shows how our work could be applied to practical areas.
Case Study of Two Competitors
To show how the proposed methodology could be applied to real problem, we compared two competitors of 3D printing technology. "Stratasys" and "3D Systems" are the top two companies in 3D printing industry. They have competed for the lead in market share and patent applications of developed technologies, and developed and maintained the competitive sustainability of 3D printing technology. Many analytical reports have dealt with the two competitors [8, 53, 54] . For our case study, we collected all patents applied for by Stratasys and 3D Systems to 2012. 3D Systems applied for 538 patents and registered 314 patents, while Stratasys applied for 270 patents and registered 138. Figure 9 shows the numbers of patents applied by two companies by year. Step 1. Collect patent documents applied by Stratasys and 3D Systems from patent databases.
4-1. Perform patent keyword clustering using TSC based on DTW. 4-2. Construct SNA graphs of patent keywords.
To show how the proposed methodology could be applied to real problem, we compared two competitors of 3D printing technology. "Stratasys" and "3D Systems" are the top two companies in 3D printing industry. They have competed for the lead in market share and patent applications of developed technologies, and developed and maintained the competitive sustainability of 3D printing technology. Many analytical reports have dealt with the two competitors [8, 53, 54] . For our case study, we collected all patents applied for by Stratasys and 3D Systems to 2012. 3D Systems applied for 538 patents and registered 314 patents, while Stratasys applied for 270 patents and registered 138. Figure  9 shows the numbers of patents applied by two companies by year. Overall, although 3D Systems holds more than double the number of patents as Stratasys, Stratasys is displaying a tendency to give chase to 3D Systems. In this paper, we analyzed the patent data from the two companies using SNA and TSC. First, we extract the keywords from the patents of the two companies. In this case study, we removed common and meaningless words such as "a", "is", and "and", and we selected keywords with high frequency and relevance to 3D printing technology with the help of the 3D printing expert at the Korea Intellectual Property Strategy Agency (KISTA) [55] . Finally, we determined 32 and 20 keywords to represent 3D Systems and Stratasys technologies respectively. We divided the keywords into common and representative keywords for the two companies in Table 1 . The technologies based on common keywords are essential to general 3D printing. Further, we can confirm the specific technologies of the competitive companies using their separate keywords. Next, we computed the frequency values of the keywords to know the technological trends based on keywords.
Next, we counted the frequency values of the keywords over year to know the technological trends based on keywords. Figure 10 shows the trends of "Pour", "Composition", "Imaging", and "Fabrication" in the technological keywords of 3D Systems. Stratasys, Stratasys is displaying a tendency to give chase to 3D Systems. In this paper, we analyzed the patent data from the two companies using SNA and TSC. First, we extract the keywords from the patents of the two companies. In this case study, we removed common and meaningless words such as "a", "is", and "and", and we selected keywords with high frequency and relevance to 3D printing technology with the help of the 3D printing expert at the Korea Intellectual Property Strategy Agency (KISTA) [55] . Finally, we determined 32 and 20 keywords to represent 3D Systems and Stratasys technologies respectively. We divided the keywords into common and representative keywords for the two companies in Table 1 .
The technologies based on common keywords are essential to general 3D printing. Further, we can confirm the specific technologies of the competitive companies using their separate keywords. Next, we computed the frequency values of the keywords to know the technological trends based on keywords.
Next, we counted the frequency values of the keywords over year to know the technological trends based on keywords. Figure 10 shows the trends of "Pour", "Composition", "Imaging", and "Fabrication" in the technological keywords of 3D Systems. We see that each keyword has its inherent trend. The TS trend of "Imaging" keyword is increasing rapidly. Thus, we know the importance of the technology based on "Imaging" will be increased continuously in the future. In this paper, we can also get more TS plots for entire 32 keywords of 3D Systems, and understand their TS trend like the case of "Imaging". Next, the TS plots of the keywords of "Extrusion", "Object", "Layer", and "Material" in the competitor of 3D Systems, Stratasys, are shown in Figure 11 .
Sustainability 2017, 9, 1142 9 of 16 We see that each keyword has its inherent trend. The TS trend of "Imaging" keyword is increasing rapidly. Thus, we know the importance of the technology based on "Imaging" will be increased continuously in the future. In this paper, we can also get more TS plots for entire 32 keywords of 3D Systems, and understand their TS trend like the case of "Imaging". Next, the TS plots of the keywords of "Extrusion", "Object", "Layer", and "Material" in the competitor of 3D Systems, Stratasys, are shown in Figure 11 . We can find that the four TS plots have their distinct trends representing the technological keywords. In addition, we can show the all TS plots for the 20 Stratasys keywords. We found that each keyword had a distinct TS plot. The importance of a technology based on a keyword with a greater increasing trend than in the past is increasing. Using these results of TS plots, DTW assigns all keywords to similar groups. To compare the technological trends of the keywords detailed, we performed TSC using the TS plots of all keywords. In our TSC, we clustered all the keywords into similar group with a similar TS trend. In this paper, we show TSC results according to the number of clusters from two to five. First, we show the TSC results for 3D Systems in Figure 12 .
When the number of clusters is two, the technologies of 3D Systems are divided into "Method" technologies and others. We also show the TSC result when the number of clusters is three. In this result, we know the technologies of 3D Systems are divided into two categories: "Method" technologies and "Modeling" technologies. The "Three_Dim" keyword is basic term of 3D printing technology, so we do not consider this keyword to be a technology cluster. Next, we present the keyword TSC result when the number of clusters is four. In Figure 12 , we show the technologies of 3D Systems divided into "Method", "Modeling", and "Forming" technologies. To get a more detailed TSC result for 3D Systems' technologies, we perform TSC with five clusters. The keywords that are close to each other have a similar pattern in their technological trends. That is, we know that the technologies for the keywords showing a similar pattern were developed together. Next, we show the TSC results for Stratasys based on the number of clusters in Figure 13 . We can find that the four TS plots have their distinct trends representing the technological keywords. In addition, we can show the all TS plots for the 20 Stratasys keywords. We found that each keyword had a distinct TS plot. The importance of a technology based on a keyword with a greater increasing trend than in the past is increasing. Using these results of TS plots, DTW assigns all keywords to similar groups. To compare the technological trends of the keywords detailed, we performed TSC using the TS plots of all keywords. In our TSC, we clustered all the keywords into similar group with a similar TS trend. In this paper, we show TSC results according to the number of clusters from two to five. First, we show the TSC results for 3D Systems in Figure 12 .
When the number of clusters is two, the technologies of 3D Systems are divided into "Method" technologies and others. We also show the TSC result when the number of clusters is three. In this result, we know the technologies of 3D Systems are divided into two categories: "Method" technologies and "Modeling" technologies. The "Three_Dim" keyword is basic term of 3D printing technology, so we do not consider this keyword to be a technology cluster. Next, we present the keyword TSC result when the number of clusters is four. In Figure 12 , we show the technologies of 3D Systems divided into "Method", "Modeling", and "Forming" technologies. To get a more detailed TSC result for 3D Systems' technologies, we perform TSC with five clusters. The keywords that are close to each other have a similar pattern in their technological trends. That is, we know that the technologies for the keywords showing a similar pattern were developed together. Next, we show the TSC results for Stratasys based on the number of clusters in Figure 13 . When the number of clusters is two, the technologies held by Stratasys are divided into the technology groups of "Modeling" and "System". In addition, we show the TSC result with three clusters. The technologies held by Stratasys are divided into "Modeling", "System", and "Method" technologies. Thus, we know that these technological groups comprise the 3D printing technology held by Stratasys. We also show the TSC result for Stratasys when the number of clusters is four.
In Figure 13 , we found the technologies of Stratasys were divided into four technology groups: "Modeling", "System", "Method", and "Filament". As we did for 3D Systems, we performed TSC with five clusters. The five categories of Stratasys' technologies for 3D printing are "Modeling", "System", "Method", "Filament", and "Three-Dim". Using the results of TSC, we can cluster the keywords representing technologies into similar groups, and we can find the associations between technologies related to 3D printing. Table 2 shows the TSC results for the two competitors according to the number of clusters. 
From the results in Table 3 , we found that "Modeling", "Method", and "Three_Dim" technologies are common technologies between the two competitors. However, the "Forming" and "Object" technologies are more developed by 3D Systems than by Stratasys, and the "System" and "Filament" technologies are more important for Stratasys than for 3D Systems. Next, we performed SNA for another analysis of technological relationships. Next, we performed SNA for another analysis of technological competition between two companies. We constructed the SNA graphs for the technologies of 3D Systems and Stratasys respectively, and compared the graphs. Figure 14 shows the SNA graph for 3D Systems' technology. When the number of clusters is two, the technologies held by Stratasys are divided into the technology groups of "Modeling" and "System". In addition, we show the TSC result with three clusters. The technologies held by Stratasys are divided into "Modeling", "System", and "Method" technologies. Thus, we know that these technological groups comprise the 3D printing technology held by Stratasys. We also show the TSC result for Stratasys when the number of clusters is four.
From the results in Table 3 , we found that "Modeling", "Method", and "Three_Dim" technologies are common technologies between the two competitors. However, the "Forming" and "Object" technologies are more developed by 3D Systems than by Stratasys, and the "System" and "Filament" technologies are more important for Stratasys than for 3D Systems. Next, we performed SNA for another analysis of technological relationships. Next, we performed SNA for another analysis of technological competition between two companies. We constructed the SNA graphs for the technologies of 3D Systems and Stratasys respectively, and compared the graphs. Figure 14 shows the SNA graph for 3D Systems' technology. Using the result of this SNA graph, we found the technological associations of 3D printing technologies for 3D Systems. For example, the keyword directly connected to "Printing" is "Material". That is, printing technology is influenced by technology dealing with material directly. The keywords (Material, Freeform, Method, Object, etc.) located within the "Three_Dim" and "Printing" categories represent intermediary technologies connecting two technologies based on "Three_Dim" and "Printing". In addition, we can understand the diverse associations of the technologies held by 3D Systems using the SNA result. Figure 15 shows the SNA result for Stratasys.
Sustainability 2017, 9, 1142 12 of 16
Using the result of this SNA graph, we found the technological associations of 3D printing technologies for 3D Systems. For example, the keyword directly connected to "Printing" is "Material". That is, printing technology is influenced by technology dealing with material directly. The keywords (Material, Freeform, Method, Object, etc.) located within the "Three_Dim" and "Printing" categories represent intermediary technologies connecting two technologies based on "Three_Dim" and "Printing". In addition, we can understand the diverse associations of the technologies held by 3D Systems using the SNA result. Figure 15 shows the SNA result for Stratasys. Unlike in the SNA graph for 3D Systems, the keywords of "Three_Dim" and "Printing" are connected to each other directly for Stratasys. Thus, we know that the development of 3D printing technology at Stratasys is more efficient than that at 3D Systems. In contrast, Stratasys has developed technologies with greater emphasis on system modeling for 3D printing than has 3D Systems. We also performed statistical testing of SNA results. Table 4 shows the SNA graph tests of two companies. Unlike in the SNA graph for 3D Systems, the keywords of "Three_Dim" and "Printing" are connected to each other directly for Stratasys. Thus, we know that the development of 3D printing technology at Stratasys is more efficient than that at 3D Systems. In contrast, Stratasys has developed technologies with greater emphasis on system modeling for 3D printing than has 3D Systems. We also performed statistical testing of SNA results. Table 4 shows the SNA graph tests of two companies. The test values of the two competitors are nearly the same statistics. Thus, we know the SNA results of this case study have validity to compare two companies. From the results of TSC and SNA, we illustrate the technological competition for sustainability of 3D print in Table 4 .
In the TSC result, "3D", "method", and "modeling" are all common keywords of two companies. Thus, the technologies based on "3D", "method", and "modeling" are common sustainable technologies of two companies. The keywords of "forming" and "object" are representative to 3D Systems, we drive that the technology based on "forming" and "object" are a sustainable technology for 3D systems. Stratasys has the keywords of "filament" and "system" as its representative keywords. The technology depended on "filament" and "system" can be selected as sustainable technology of Stratasys. In the SNA result, we show the connected keywords to main keywords (3D and Printing) of 3D printing technology. "modeling", "object", "forming", and "method" are connected to "3D", and "material" is connected to "printing" in 3D Systems. The Stratasys has more keywords connected to "3D" and "Printing" than 3D Systems. From the result in Table 4 , we conclude that the sustainable technology of 3D Systems is to form object using diverse materials. The Stratasys has the sustainability of technology based on extrusion and deposition system. In addition, the technological scope of Stratasys is larger than 3D Systems, because the numbers of keywords connected to "3D" and "Printing" of Stratasys are larger than 3D Systems. From the previous results in this paper, we constructed sustainable technology diagram ( Figure 16 ). In the TSC result, "3D", "method", and "modeling" are all common keywords of two companies. Thus, the technologies based on "3D", "method", and "modeling" are common sustainable technologies of two companies. The keywords of "forming" and "object" are representative to 3D Systems, we drive that the technology based on "forming" and "object" are a sustainable technology for 3D systems. Stratasys has the keywords of "filament" and "system" as its representative keywords. The technology depended on "filament" and "system" can be selected as sustainable technology of Stratasys. In the SNA result, we show the connected keywords to main keywords (3D and Printing) of 3D printing technology. "modeling", "object", "forming", and "method" are connected to "3D", and "material" is connected to "printing" in 3D Systems. The Stratasys has more keywords connected to "3D" and "Printing" than 3D Systems. From the result in Table 4 , we conclude that the sustainable technology of 3D Systems is to form object using diverse materials. The Stratasys has the sustainability of technology based on extrusion and deposition system. In addition, the technological scope of Stratasys is larger than 3D Systems, because the numbers of keywords connected to "3D" and "Printing" of Stratasys are larger than 3D Systems. From the previous results in this paper, we constructed sustainable technology diagram ( Figure 16 ). For each company, we built the technological relations between patent keywords according to TSC and SNA. In addition, we combined the results of TSC with SNA in Figure 16 . Lastly, we extracted the sustainable technology areas from the diagram. We had help from the expert group related to 3D printing technology in the KISTA [55] to define the specific technologies for the sustainability of two competitors. In conclusion, the sustainable technologies of 3D Systems and For each company, we built the technological relations between patent keywords according to TSC and SNA. In addition, we combined the results of TSC with SNA in Figure 16 . Lastly, we extracted the sustainable technology areas from the diagram. We had help from the expert group related to 3D printing technology in the KISTA [55] to define the specific technologies for the sustainability of two competitors. In conclusion, the sustainable technologies of 3D Systems and Stratasys are defined as "object forming", and "extrusion and deposition system", respectively. Numerous research institutions and consulting firms around the world, including PwC, Lockheed Martin, Boeing, Google, and Mckinsey, believe that 3D printing technology is one of the key technologies for humanity's future sustainability [38] . Thus, we selected 3D printing technology as a technology field for performance evaluation of the proposed method. We also compared the sustainable technologies of two competitors (3D Systems and Stratasys) related to 3D printing technology. From the result of our sustainable technology diagram (Figure 16 ), we conclude that the technology of "object forming" is a necessary technology for 3D Systems' sustainability, and Stratasys needs the technology of "extrusion and deposition system" for its sustainability.
Conclusions
In this paper, we proposed a methodology of technology analysis between competitors from the point of sustainable technology. The traditional approaches for competitors' technology analysis were based on the knowledge and experience of domain experts; for example, the Delphi methodology is used to survey a domain expert group using a questionnaire to ask about their respective views about the technology. The result of the Delphi can fluctuate and be inconsistent because the method is dependent upon the experts' professionalism. In comparison, we proposed an objective and consistent methodology for sustainable technology analysis between competitors. Through the results of SNA and TSC using patent data for two competitors (3D Systems and Stratasys), we compared their technological development for sustainability. We knew that Stratasys has more focused technology than 3D Systems in the technological area of 3D printing methods. In addition, the technological competitiveness of 3D Systems is a result of technologies based on "Forming" and "Object". Thus, 3D Systems should research and develop these technological areas to improve the sustainable technological competition. In addition, "System", "Extrusion" and "Deposition" technologies are a sustainable technology area in which Stratasys can improve its technological competiveness. Our research result contributes to the R&D planning of the companies related to 3D printing technology as well as 3D Systems and Stratasys.
This paper contributes to stable and consistent analyses of sustainable technologies between competitors using objective data (patent documents) and quantitative methods (TSC and SNA). Our research can be applied to many comparisons of technology analysis between competitors, such as Apple, Google, and Samsung. In this paper, we did not consider the opinions of experts and specialists related to 3D printing technology. If we can combine the results of this paper with expert opinions, we can expect a more accurate and valid result for sustainable technology analysis between competitors. Thus, in our future work, we will apply opinion mining [56] , sentiment analysis [57] , and topic model [58, 59] to our methodology for sustainable technology analysis. This paper dealt with a more efficient way of finding sustainability in a specific technology field by introducing a new time concept that was not covered in the existing quantitative analysis methods for selecting sustainable technologies. Therefore, this study will contribute to finding the sustainable technology in most technical fields and thereby establishing R & D plan efficiently.
